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AERODYNAMIC CEARACTESISTICS  AT A MACH NUMBER 

OF 6.8 OF TWO IXP3RSONIc  MISSILE CO~iIGURA!ITONS, ONE WITH 

LOW-ASPECT-MTIO  CRUCIFORM FINS AND 'I!RAiLING-EDGE F W S  

An investigztion has been  made -to deternine  the  aerodynamic  charac- 
teristfcs in pitch  at a Mack?  number  of 6.8 of wersonic missile  configu- 
rations  with  cruciform  trailing-edge  flaps  and  with  all-nioveble  control 
surfkces.  The  flaps  were  tested on a configuration having low-aspect- 
ratio  cruciform  fins  with an asex  angle of 5O; the  all-moveble  controls 
were  mounted  at  the  k6.7-percent body station on a configuration  having 
a 10' flared  afterbody.  Tie  tests  were nade through an angle-of-attack 
range  of -2' to 20° at  zero  sideslip in the  Lengley  11-inch  hypersonic 
tunnel. 

The  results  indicated  that  the  all-movable  controls on the  flared- 
zfterbody  model should be  capable of producing m c h  larger  values  of 
trim  lift  and  of 110ma1 acceleration  than  the  trailing-edge-flep  con- 
figuration.  The flared-afterbow configuration hzd considerably  higher 
drag thm the  cruciform-fin mdel but  only  slightly  lower  values  of  lift- 
drag  ratio. 

INTRODUCTION 

In order to obtain irfonmtion on stability  control of configu- 
rEtions  that  offer  promfse as hypersonic  missiles, an investigation of a 
family of missile mdels has been  underteken.  The  icitial  phases  of  -the 
investigation  ere  reported in reference 1 for a Nach mmber of 2.01 znd 
in reference 2 for  bkch  numbers  fron 2.29 to 4.65. Included  in  reference 1 
are  the  results  of  tests  of  soEe  canard  coatrol  surfaces f o r  configurEtions 
with a flared  afterbody and with  cruciform fins. 

* Title,  Unclzssified. 
- 
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. 
Ill ~ n i s  generzl  investig-tion has been  extellded t o  obtain  control 

ir.formatLon at. 2iigher bk~cI?- nmbers  for  modified  versions of  two of the 
configcatlens  presented  in  reZerenzes 1 end 2. 'Isese versions  consisted 
of (1) traili2g-edge-flap  controls or? a coafiguration baving lov-aspect- 
r a t i o  cruciform f i n s  &nd (2) a cocf igxa t ion  with %. loo' f la red  afterbody 
equipsed w i t h  ell-movable crucifom  controls.  Tke tk-o configurations 
vers  consider6bly  different  geornetricelly  but were selected as possible 
hy-personic aissile  arrengexents from the  standpoint of s t ab i l i t y ,  man- 
euverability, am2 heating  requirelnents. This report  presents  the results 
of a12 kves t iga t iox  of  the  zerodynanic  characteristics of these control 
errangements a t  a h c h  nu.?.?ber o r  6.8. 

The data  are  presented as cceff ic ients  of fcrces and mornents w i t h  
+,he center of moments a t  50-perc&t of the body length. All data   are  
rer"erred t o  the body-axis  system  except l i f t  and drag which are   referred 
t c  the  wind-axis  system. 

CN normal-force  coefficient, FN/sS 

CA axial-force coefficient,  FA/qS 

L' CD drag  coefficient, F D / ~ S  

c1 rollicg-xoment  coefficiest, :#k/qSd 

cn yawing-moment coefficient,  Xz/c,Sd 

l i f t  

I 

FA axial force 

FY side force 
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-i/D 

free-stream  dynemic  pressure 

cross-sectional  area of cylindrical  section of body 

dimeter of cylindrical  sectlon of body 

sngle of attack of body  center  liEe,  deg 

deflectioc  of  all-movable  controls  with  respect to body ten- 
ter  Ilne,  positive vhm trailing  edge is dow- or l e f t ,  deg 

deflection of trailirz-edge  flap  with  respect  to boiiy center 
line,  positive  Then  trailing  edge  is  down or left,  deg 

lift-drag  ratio, C,/CD 

X longitudinal  distance  rearward of nose,  in. 

R radius, in. 

Sketches  of  the  nodels  are skiown in figure 1. The geometric  chsr- 
acteristics  of  the  models  are  given  in  tzble I, uld the  coordinates of 
the  forebody  8re  given in table 11. 

The nodel lrad a body  consisting 03 a 5-caliber forebow with a 
round nose  followed by 2 straight  tapered  section that Tairs  into a 
?-caliber  cylindrical  afterbody.  The  fins,  trailing-edge  flaps,  and 
all-mvable controls  were  flzt  plates with rouncied  lesding  edges  &Ed 

1 blunt  trailing  edges. 

The  cruciform-fin  configuration  consisted of the  body,  cruciform 
fins k v i n g  a 5O apex angle, ar-d crucifom trailing-edge  flaps  in  the 
plane of the fins (fig. 1). -in 0.033-caliber gap separated the fins 
and  flaps. Tne hinge  line of tlle flaps wzs at  the  93.3-percect  body 
stsltion and  the  33.3-percent  chord  line of %he  flaps. 



The  flared-afterbody  configuration  was  corrqosed  of  the body, a 
2-caltber loo flared  afterbody,  and  modified YO0 delta  cruciform  all- 
rrovable  controls.  The  control-surface  hinge  lines  were  at  the 
46.7-percent  body  station  and  the  68.7-percent-chord  line of the 
controls. 

Six-caqonent force  and  moment  data  were  rreasured  by an internal 
strain-gage  balance.  Pressxre  recorders  Provided a continuous  record 
of  the  settling-chamber z11d xodel  base  pressures.  (See  ref. 3 . )  The 
base  pressares  were  measured  by a single  tube  placed  in tkte balance 
chamber  slig?ctly  forwzrd of the  model  base. 

The  investigation was rade in the  Langley  11-inch  bypersonic  tunnel 
described is reference 4. The  tunnel  is 03 the  intermittent-flow type 
enploying a single-step,  two-dimensional  Invar  nozzle. 

TESTS, CORRXCTIONS, AND ACCURACY 

The  tests  xere  made  at a Yach  nuxber of 6.8, a stagration  tempera- 
tiire of .%bout owo F, &nd a stagnation  pressure  of 21 atmospheres  absolute 
(310 pounds  per  square  inch).  The  Reynolds  number was approxinately 
3.1 x 10 6 based  on  the  body  length  of  one  foot.  Based on previous  expe- 
rience  (see  ref. 5 ) ,  the  rngdel  boundary  layer  was  believed  to  be  laninar 
fcr t5ese  test  col;_ditions.  Test-section  temperatures  were  maictained 
above  values  necessery  to  prevent  liquefection of the  air. The dewpoint 
was  below -75’ F mees-ired  at  etmospheric  pressure.  Tests  were &e 
through  an  angle-of-attack rmge from -2O to 20’ at  zero  sideslip  only. 

The W c h  number  varietion  during a run was about 0.5 percent  and 
flow  angcllarities  vere  zegligible. No corrections  have  been  epplied  to 
t:ze data for these  varlations. 

The  axial-force  data  were  adjusted to E. base presswe equal to the 
free-etrea9  static  Fressure. Base pressures  measured  in  the  balance 
chm”5er  were  applied  to  the  tots1  base  ares. 09 tlie model. m e  values 
of  base  presszre  xere  accurate  to  within f2 percent  and  velues  of stag- 
nation presswe to  within fl percent. 

Estimated probable  errors  in  the  results  of  the  present  tests  based 
on  balance  calibration,  zero  shifts,  and  repeatibility  are  as  follows: 

I 

Ciq and CL . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.050 
C, and CD . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.007 . 
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to.040 
cz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fo.oog 

. 



cn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  io.019 
cy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.015 
a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.2 
$ and &, deg . . . . . . . . . . . . . . . . . . . . . . . .  t o  .1 

The  aerodyllamic  characteristics  in  pitch  for  the  vErious configma- 
tions  are  presented es follows: 

Figure 

Body aloce . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

Eody v5ti loo flare  aEd  all-movable  controls . . . . . . . . . .  4 
Variation cf C, vith  Cq for trailing-edge  flap  control  and 
all-Kovable  control  configurations . . . . . . . . . . . . . .  5 

Rol l  control  with  trziling-edge  flaps . . . . . . . . . . . . .  6 
Roll control  with  all-movable  controls . . . . . . . . . . . . .  7 

Scdy w l t i  5' Tins  snd  trailing-edge  flags . . . . . . . . . . .  3 

The  finned  configuration  with  trailizg-edge  flaps  and  the  flared 
after'oody  conligrmztion  uith  all-novzble  contrcls  indicate  epproximately 
the  sxze  level  of  static  longitudinal  stability.  (See  fig. 5.) However, 
of the two configurations  investigated, the all-movable cork-rol  err=-ge- 
rnent  is  considerably  more  effective  t'nan  the  trailing-edge-flap  arrange- 
nent  in  producing trimmed nornal  force or n o m 1  eccelzretions. 

For zero control  deflection,  the  finned  configuration  with trailhg- 
edge f h p s  has e higher ~ ~ x i m r n -  lift-drzg  ratio I& than the  flared 
afterbosy coofigcation  with  ell-movable  controls.  (See  Pigs. 3(b) and 
4(b) .) Eowever,  the  losses  in L/D d m  to control  deflection  are  greater 
with  the  trailing-edge  fleps than with  the  ell-movable  controls. As E, 

result,  even  for  the  most reer-ward center-of-gravity  position  permissible 
to  evoid  regions of lo-n-gitudinal  instebility,  the  vzlues  of trim-d L/D 
would be ebout  %he 6 m e  for  the two co2figsratioas. 

Eoth  co-n"trol  arrangerrezts,  when  deflected  differentially,  provided 
positive roll effectiveness  that  increased  slightly w i t h  increasing  angle 
of ettack.  With all folir treiling-edge flaps deflected  differentially, 
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a favoreble yawing moment was produced  throughout t'ae angle-of-attack 
range. With the  ver t ical   a l l -xovable   controls   def lected  different ia l ly ,  
&E increasingly  adverse yawing monent occurred  with  increasing  angle of 
a t tack.  

TUingley Aeronauticel Laborato-ry, 
Xational Advisory  Coxzittee for  Aeronautics, 

Langley Field, Va . , April  10, 1958. 
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TABLE r . - GEOMXE~IC CHARACTERISTICS OF MODELS 

7 

Body : 
Length. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.00 
Diazeter. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.20 
Cross-sectional area. s q  i n  . . . . . . . . . . . . . . . . . .  1.13 
Leng-bh-dianeter r a t i o  of nose . . . . . . . . . . . . . . . . .  5.0 
Length-diameter r a t io .   t o t a l  . . . . . . . . . . . . . . . . . .  10.0 
Moxent center  location.  percellt  length . . . . . . . . . . . . .  50.0 

Flare : 
Length. in . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.40 
Ease diameter. i n  . . . . . . . . . . . . . . . . . . . . . . .  2.046 
Easearea.  s q i n  . . . . . . . . . . . . . . . . . . . . . . . .  3.29 
Apex angle. deg . . . . . . . . . . . . . . . . . . . . . . . .  10.0 

Fins (Jxcluding f l q s  ) : 
Area of two panels exposed. sq in . . . . . . . . . . . . . . .  4.90 
Root chord.  emosed. i n  . . . . . . . . . . . . . . . . . . . .  7.61 
Tip  chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  1.20 
Span. exposed. i n  . . . . . . . . . . . . . . . . . . . . . . .  1.08 
Aspect r a t i o  of exposed f i n s  . . . . . . . . . . . . . . . . . .  2.38 
Leading-edge  apex angle, deg . . . . . . . . . . . . . . . . . .  5.0 
Span-dimeter   ra t io ,   to ta l  . . . . . . . . . . . . . . . . . . .  1.90 

Trailing-edge  flaps : 
Area. per  pair. sa_ i n  . . . . . . . . . . . . . . . . . . . . .  1.30 
Span.each . in  . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 9  
Chord. each. i n  . . . . . . . . . . . . . . . . . . . . . . . .  1.20 
Percent OZ f i n  area . . . . . . . . . . . . . . . . . . . . . .  26.5 
Leadlng-edge sweep. deg . . . . . . . . . . . . . . . . . . . .  G 
Hinge line.  percent body length . . . . . . . . . . . . . . . .  93.3 
Hinge line.  percent  chord . . . . . . . . . . . . . . . . . . .  33-3 
Gap. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.04 

All-Kovable colltrols : 
Area. exposed. per  pair. sq i n  . . . . . . . . . . . . . . . . .  2.50 
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  2.55 
Tip  chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  0.14 
Ssan. exposed. i n  . . . . . . . . . . . . . . . . . . . . . . .  0.89 
Tkading-edge sweep. deg . . . . . . . . . . . . . . . . . . . .  70.0 
IIinge line.  percent body length . . . . . . . . . . . . . . . .  
FLnge line.  percent  root  chord . . . . . . . . . . . . . . . . .  68.7 46.7 
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WELZ 11. - CQOFDII’ATES OF FOZEBODY 

I x, 5 3 .  1 R, in. 

0 . lc6 
2 .bco 
2. Eo0 
3.200 
3.600 
4 . 000 
h .boo 
4.5m 
5.230 
3.600 
6. OCO 

C 
.106 - 385 . k29 
.470 - 505 
.534 
558 - 576 - 590 - 597 

.6c0 
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Figure 1.- Details of models. A l l  linear dimensions are i n  calibers. 
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Figure 2.- Aerodymmic characteristic& in pitch for body alone. 
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(a) Body a i s .  

Figure 3.- Effects of control  deflection on aeroaynamic  characteristics 
in pitch. Body wLth  fins  and  trailing-edge-flap  control. 
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(b) Wind axis. 

Figure 3 . -  Concluded. 
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(a) Body zxis. 

Figure 4.- Effects of control  deflection on aerodymmic charac te r i s t ics  
in   p i tch .  Bow with flare and all-movable  control. 
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Figure 4.- Concluded. 

2 

0 

-2 

-4 

3 

2. 

I 

0 

Crn 

CD 



- I  0 I 2 3 4 5 6 

CN 

Figure 5.- Effects of control deflection on variation of C, with 
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(a) Variation  of Cn, Cz, and Cy with a. 

Figure 6.- Effects of differential  deflection  for r o l l  control. Bow 
with 5O fins and trailing-edge-flap  control; body-axis system. 
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(b) Variation of C,, CA, and CN with a. 

Figure 6 .  - Conchded. 
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(a) Variation of Cn, C2, and Gy with a. 

FigDe 7.- Effects of differential  deflection for roll  control. Body 
with  flare  and  all-movable control; horizontal  controls  at zero 
deflection; body-&xis system. 
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(b) Veriation of C,, CA, and CN with a. 

Figure 7.- Concluded. 


